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Abstract
Objective—The Northern Plains Indians of the Cheyenne River Sioux Tribe (CRST) have
experienced significant lifestyle and dietary changes over the past seven generations that have
resulted in increased rates of diabetes and obesity. The objective of this study was to determine if
Northern Plains Indians with type 2 diabetes mellitus who are randomized to receive culturally
adapted educational lessons based on the Medicine Wheel Model for Nutrition in addition to their
usual dietary education will have better control of their type 2 diabetes than a non-intervention, usual
care group who received only the usual dietary education from their personal providers.
Design—A 6-month, randomized, controlled trial was conducted January 2005–December 2005,
with participants randomized to Education (ED) intervention or Usual Care (UC) control group. ED
received six nutrition lessons based on the Medicine Wheel Model for Nutrition. UC received the
usual dietary education from their personal providers.
Participants—114 Northern Plains Indians from Cheyenne River Sioux Tribe aged 18 to 65, with
type 2 diabetes.
Methods—Weight, body mass index (BMI), hemoglobin A1C, fasting serum glucose and lipid
parameters, circulating insulin, and blood pressure were measured at the beginning and completion.
Diet histories, physical activity and dietary satiety surveys were measured at baseline and monthly
through completion. Differences were determined using Students t-tests, chi-square, and analysis of
variance.
Results—The ED group had a significant weight loss ( 1.4 ± 0.4 kg, mean ± standard error {SE},
P ≤ .05) and decrease in BMI (1.0 ± 0.1 means ± SE, P ≤ .05) from baseline to completion. The UC
group had no change in weight (0.5 ± 0.5 kg, mean ± SE) or BMI (0.5 ± 0.2, mean ± SE). There were
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no between group differences due to intervention in calorie, carbohydrate, protein, and fat intake and
physical activity.
Conclusions—The culturally based nutrition intervention promoted small but positive changes in
weight. Greater frequency and longer duration of educational support may be needed to influence
blood glucose and lipid parameters.
Keywords
diabete
Introduction
The Cheyenne River Sioux people have witnessed major dietary transitions over the past seven
generations. The beginning of this transition occurred simultaneously with the rapid decline
in the buffalo and the loss of much of their traditional hunting grounds. For Northern Plains
Indians diabetes was non-existent when they were consuming a diverse variety of wild plants
and animals that were rich in protein, moderate in carbohydrate, low in fat [1] and rich in
antioxidants. The diet consisted mostly of large game, and wild plants used for food, medicine
and teas, including the wild turnip, wild potato, onion, mushrooms, other roots, nuts and seeds
and a variety of berries [2]. Corn, beans and squash were available through trade with
neighboring tribes. The wild foods were slowly digested and absorbed allowing blood sugar
levels to keep in balance with insulin production [3]. Plains Indians may have co-evolved with
these foods over millennia. In the early years of the reservation until the 1950’s the Cheyenne
River Sioux were involved in food production; gardening, hunting and gathering, which,
combined with monthly government issued rations, provided most all the dietary components.
In 1959, the Tribal Agency was forced to move, as a result of the Oahe Dam project; the
Missouri river was dammed and flood waters inundated the Agency community [4]. Most of
the best agricultural lands and berry picking areas along the river were flooded. Traditional
foods were gradually replaced with new western foods available in government food packages
and food markets as more Native Americans participated in the modern economy, a change
that became most prominent following World War II [1]. Today, a few traditional foods remain:
traditional soups and stews some made with dried corn and dried buffalo (papa) and prairie
turnip (tinpsila), tripe soup (taniga), stewed berries (wojapi), wild mint teas, wasna or
pemmican, and kabubu bread – a skillet bread. As one Lakota woman explains “Most Indians
today eat a poor white man’s diet. It is very difficult to get food, especially fresh food here on
the reservation. True Indian food is a delicacy today.” [5]
Coinciding with the diet change, health concerns have changed drastically during the past 50
years. Formerly infectious disease and malnutrition among children were significant problems
on the reservation, [6] while today chronic disease related to behavior and lifestyle factors are
now the leading cause of morbidity and mortality in adults [7]. American Indian/Alaska Natives
experience diabetes prevalence rates three times higher than the overall United States
population. [8]. Tribes in the Dakotas, Iowa and Nebraska (Aberdeen Area of Indian Health
Service) report an age adjusted diabetes prevalence rate of 13.72 per 1000 in American Indians
less than 35 years of age [9]. This is four times the rate of diabetes prevalence for similar age
groups in these states. [10].
Even though, glycolic control for Native Americans 55 years and under has improved
significantly over the past ten years, the mean HgA1C is 7.9 which are higher than the
recommended HgA1C level of 7.0 or less [11]. Complications of diabetes can be prevented by
good glycolic control [12]. Medical nutrition therapy is an important component of diabetes
self-management and thus glycolic control. At present, there are no dietary guidelines specific
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for the Northern Plains Indians. Current medical nutrition therapy practices base the diabetic
therapeutic guidelines on the United States Department of Agriculture food guidelines, My
Pyramid, which encourages a grain-based diet [13]. Anecdotally, Northern Plains Indians have
reported better control of their type 2 diabetes when following a diet that is higher in protein.
Genetic differences may contribute to less than optimal adaptation to higher carbohydrate loads
among Native Americans compared to Northern European descendents [14]. A diet patterned
after the historical hunter-gatherer type diet, or even the early reservation diet (with the higher
proportion of energy being supplied from protein), may provide better blood glucose control
and lower the circulating insulin levels in Northern Plains Indians with type 2 diabetes.
It has been suggested that more culturally and tribally specific intervention approaches might
lead to greater behavioral change than standardized interventions [15]. The objective of this
study was to determine if Northern Plains Indians with type 2 diabetes mellitus who are
randomized to receive culturally adapted educational lessons based on the Medicine Wheel
Model for Nutrition in addition to their usual dietary education will have better control of their
type 2 diabetes than a non-intervention, usual care group who received only the usual dietary
education from their personal providers. It was hypothesized that culturally adapted lessons
will enhance dietary adherence and control of blood glucose in those with type 2 diabetes.
Methods
Overall Research Design
In 2005, 114 Northern Plains Indians from the Cheyenne River Sioux Reservation, aged 18 to
65, with type 2 diabetes were recruited through local newspaper advertisements, local public
radio announcements, and posters in the Tribal Health Clinic. Eligible participants were
stratified by gender and body mass index (BMI) and were randomized using a computer
generated random number chart into a six month dietary education intervention (ED) or usual
care, control group (UC). The ED group received six nutrition education lessons using the
Medicine Wheel Nutrition Model [16] delivered once per month in addition to their usual
dietary education provided by their personal health care providers. The Medicine Wheel
Nutrition Model uses the Medicine Wheel diagram to promote a diet patterned according to
the traditional consumption of macronutrients (Figure 1). The UC group was treated as non-
intervention control and received the standardized dietary education provided by their personal
health care providers at the local Indian Health Services Hospital. At the time of the study the
hospital did not have a registered dietitian on staff. Indian Health Services outlines the standards
of care for treatment of those with diabetes. These guidelines state that the medical nutrition
therapy for diabetes is based on the American Diabetes Association Standards of Medical Care
for Diabetes [17]. The UC participants were assessed with the same measurements at the same
time periods as the ED participants. The study was conducted from January 2005 through
December 2005.
Setting and Participants
The recruitment and study occurred on the Cheyenne River Sioux Reservation. Missouri
Breaks Industries, a local Native American owned company, assisted with recruitment and
transportation of participants to study visits. The reservation is located in western South Dakota
on one of the largest intact grasslands left in the United States. The reservation is home to 8,500
Cheyenne River Sioux Tribal members who are spread across the 3 million acre land base,
with an average population density of 1–3 persons per square mile and divided into 13 district
communities. Each district has its own political representation within the tribe. The median
age of people living on the Cheyenne River Reservation is 25.8 years [18].
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Native American’s who had a previous diagnosis by their personal physicians with no
compromised renal function were eligible to participate. Participants self reported their race
and tribal affiliation. For eligibility in the study, participants agreed not to consume over-the-
counter supplements and alcohol during the study period. Participants were excluded if they
were entered alcohol treatment. Potential participants were excluded if self-reported
compromised renal function or presence of microalbuminuria (urinary albumin >30 mg/24 hr)
determined through urinalysis at recruitment visit [19]. Institutional Review Boards of the
Aberdeen Area Indian Health Services, South Dakota State University, and the Health
Committee of the Cheyenne River Sioux Tribal Council approved the study and all participants
provided written consent prior to enrolling. Participants received a small cash incentive
($10.00/survey) for completion of surveys.
Program Interventions
The Medicine Wheel Nutrition Model education lessons delivered to the Education group were
used to encourage participants to consume a diet patterned after the traditional consumption
of macronutrients for Northern Plains Indians; protein (25% of calories), moderate in
carbohydrate (45% – 50% of calories), low in fat (25–30% of calories). Data collection took
place at a field site, on the Cheyenne River Indian Reservation run by Missouri Breaks
Industries Inc., during an initial 90 minute appointment and prior to each monthly lesson.
The Education group received monthly dietary counseling on the Medicine Wheel Model for
Native Nutrition in a small group (5–9 participants). A registered dietitian and tribal member,
trained in the curriculum, led the two-hour classes covering the monthly topics. Each
participant’s total energy requirement was estimated using the Mifflin-St. Jeor equation [20].
Participants were provided an individualized meal plan built upon the four meal components
of the Medicine Wheel Nutrition Model [16] that met the individual’s energy requirements.
This model emphasized the four healthful components of a traditional hunter-gatherer diet
which corresponds with the symbolism of the Medicine Wheel (Figure 1). The model limits
highly refined starchy foods and prevents carbohydrate loading similar to the pre-reservation
dietary consumption patterns [21].
The class sessions were on the following topics during the trial: Lesson 1--The Medicine Wheel
Model for Native Nutrition/Individualized meal plans; Lesson 2--Self Monitoring of Eating;
Lesson 3--Self Monitoring of Physical Activity; Lesson 4--Changing the Environment to
Promote Food Choices in Keeping with Tradition; Lesson 5--Eating at Home: Food Preparation
Techniques; Lesson 6--Problem Solving. After each lesson participants were given the
opportunity to attend a group support session called a Talking Circle. A Talking Circle is a
method of intra-group communication in many Indian Communities [22,23,24]. At completion
of the trial the UC participants were offered the same classes as those provided the ED
participants. Project investigators were not blinded to intervention.
Outcome Measures
Weight, BMI, hemoglobin A1C, fasting serum glucose concentrations, total cholesterol, low
density lipoprotein cholesterol, high density lipoprotein cholesterol, triglycerides, circulating
insulin concentration, and blood pressure were measured at the beginning and end of trial. All
study personnel were trained and measurements were taken in duplicate and averaged.
Participants were instructed to wear light clothing and remove shoes for weight and height
measurements. Weights were measured using a digital scale (Tanita BWB 800, Tanita
Corporation, Arlington Heights, Illinois) and heights were measured by a wall mounted
stadiometer (Seca 222, Seca North America East, Hanover, MD). Blood samples were collected
after a 12 hour fast and analyzed at a Clinical Laboratory Improvement Amendments-certified
laboratory. Participants completed 24-hour diet histories, Cross-Cultural Activity Participation
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Study (CAPS) physical activity survey [25,26], and a satiety survey with a rating scale designed
to measure subjective satiety of the diet [27] at baseline and then monthly through completion.
Diet histories were collected using 24-hour recall by registered dietitian and trained study
personnel. All personnel collecting dietary histories were trained by a registered dietitian and
followed a written script. CAPS physical activity survey defined light activity as easy or no
effort at all; moderate activity as an activity that leads to some increase in breathing or heart
rate and vigorous activity to include activities with a large increase in breathing or heart rate.
Participants were also queried for medication changes and incidence of infection and illnesses
at each visit. A short health history questionnaire which included questions about past medical
history, current medications and supplement use was completed upon enrollment.
Dietary Analysis
Adherence to the dietary and exercise protocol was determined from diet histories and activity
diaries collected monthly. Diet histories were reviewed for completeness by one registered
dietitian prior to analysis. Participants were contacted by telephone to clarify discrepancies.
The dietary data was analyzed for energy, carbohydrate, protein and fat using Food Processor
(version 8.6, 2005, ESHA Research, Salem, Oregon).
Data Analysis
Targeted recruitment of 114 participants (57/group) was based on results reported by Knowler
[12] and Gilliland [28]. Knowler reported a between group difference of 0.2% in HgA1c after
a 6 month lifestyle intervention. Gilliliand reported a difference of 0.8% with a standard
deviation of 0.3% in HgA1c between intervention and control after a one year lifestyle
intervention trial in a Native American population. To be conservative the smaller difference
between means reported by Knowles (0.2%) and the standard deviation provided by Gilliland
(0.3%) were used to calculate a sample size of 57 per group (two-sided alpha = 0.05, 80%
power, and 70% completion rate).
Data was checked for normality. Statistical significance of non-normal data was determined
on transformed data and geometric means, 95% confidence intervals are reported for
transformed data. Means and standard errors are reported on normal data. Repeated measures
of analysis of variance were used to detect differences across time and between groups. Overall
changes for within and between group were determined using Students t-tests, chi-square, and
analysis of variance. Analyses included PROC TTEST and PROC MIXED of SAS® (SAS,
Version 9, 2004, SAS Institute Inc., Cary, North Carolina).
Results
Of the 114 participants who gave written consent to participate, 104 completed the study. Data
was missing on 10 participants (8 failed to return for the intervention, one was excluded for
hospitalization for alcoholism, and one withdrew due to major intestinal surgery). Seventy-six
percent of the participants were women. Seventy-two percent of participants were obese (BMI
>30) and 23% were overweight (BMI >25). There were no differences in age, height, or gender
between ED and UC (Table 1).
There were no differences between ED a nd UC for any of the baseline measures. When
evaluating the within group changes from baseline to completion, the ED group had a
significant mean weight loss and decrease in BMI from baseline to completion, whereas the
UC group had no change in weight or BMI from baseline to completion. The UC group reported
significant decreases from baseline to completion in total cholesterol and HDL cholesterol.
There were no other significant within group changes from baseline to completion.
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When comparing the between group baseline to completion changes, there was a significant
difference for the change in triglyceride This was due to the ED group experiencing a slight
increase in triglycerides with no change in the UC group from baseline to completion. There
were no differences in between group changes for any of the other parameters measured (Table
1).
To account for changes in glucose control that may have occurred due to medications or illness
participants were queried each visit for medication changes and any significant health events
(defined as illnesses that you had to see your doctor) that may have occurred since the previous
visit. There were no significant differences between groups at any of the visits for self-reported
medication changes and significant health events.
There was no difference due to time or intervention in caloric, carbohydrate, or fat intake (Table
2). Protein as a percent of calories did trend upward over time in the intervention group, nearing
significance (P=0.068) only due to time and not the intervention. Although not significant, the
mean intake of fat trended downward among intervention participants and met the American
Heart Association’s guideline to limit fat to less than 35% of calories by study completion.
There were no differences due to time or intervention for the moderate and vigorous activity
levels. In the light activity category there was an effect due to time (F value =5.51, P ≤ .0001)
but not due to intervention. Since there was no group difference, the groups were combined
and means for time spent in light activity are reported (Table 2). Both groups reported a decrease
from baseline and month 2 to months 4, 5, & 6 in number of light activity minutes.
There was no significant difference between ED and UC groups in the self-reported dietary
adherence and satiety of diet (feeling of fullness) at any of the visits. Month 2 to completion
“some of the time” and “most of the time” accounted for greater than 80% of the responses
marked for dietary adherence in both of the groups. Month 2 to completion “most of the time”
and “all the time” accounted for 56% to 70% of responses in both groups to feeling full.
Discussion
Schultz el. al reported that Pima Indians living in Mexico (traditional environments) have a
much lower prevalence of type 2 diabetes and obesity than those living in the Westernized
environment of the United States [29,30]. Anecdotally, Northern Plains Indians have reported
better control of their type 2 diabetes when following a diet that is higher in protein. A diet
patterned after the historical hunter-gatherer type diet, or even the early reservation diet (with
the higher proportion of energy being supplied from protein), may provide better blood glucose
control and lower the circulating insulin levels in Northern Plains Indians with type 2 diabetes
[14]. Tribal leaders are interested in preserving the history of their food patterns and embrace
the development of educational tools depicting their historical consumption patterns [16]. This
trial is one of the first studies reported that attempts to measure the influence of the traditional
Northern Plains Indians diet on control of type 2 diabetes. The goal of the Medicine Wheel
Model for Nutrition intervention was to provide dietary instruction that was sufficient to
empower the participants to choose diets that pattern the traditional diet (25% of calories from
protein, 45–50% from carbohydrate, and 25–30% from fat). However, the education
intervention was not able to empower the participants to make the dietary changes. When one
compares the dietary intakes of both the ED and UC group with the Third National Health and
Nutrition Examination Survey (NHANEA III) data, macronutrient intakes were similar to the
overall US population as surveyed in NHANES [31] and to those reported in The Strong Heart
Dietary Study – Phase 2 [32]. The intervention promoted protein foods to comprise 20–25%
of calories. Although the participants did not report reaching this goal, there was an upward
trend in protein intake in the education group occurred over time. This trend may reflect
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participants choosing leaner protein sources such as buffalo, leaner cuts of beef and pork, and
other lean meats as emphasized in the lessons and in food demonstrations. Carbohydrate intake
was consistent in both groups; fat intake trended downward in the intervention group while
protein intake trended from 14% to 18% for the intervention group during the trial.
There are several potential reasons to explain the lack of dietary compliance within this study.
The diet and lifestyle intervention tailored specifically to Northern Plains Indians may not have
allowed sufficient time both in duration and frequency for comprehension and adoption of
dietary behavior changes in this specific population. The monthly frequency of the intervention,
even with good participation, (92% attendance rate) potentially lacked the intensity required
to support improvements in blood sugar control or in the lipid profile of participants. The
Diabetes Prevention Program (DPP) reported successful control in blood glucose parameters
due to lifestyle changes in those participants without diabetes but with elevated glucose
concentrations. The DPP intervention group had frequent contact which consisted of weekly
contacts during an initial 16 week period, then no less than monthly thereafter [33]. It also used
a combination of individual and group intervention. The current study’s focus on individual
behavior change via education, though necessary, may not have been in sufficient dose to
enable patient in their environments to make the necessary diet and lifestyle changes.
Environmental factors such as social norms, food access and food supply, income and others
have a significant role in food selection. The family structure for many participants is the
extended family unit, with multiple generations living together. Food decisions reflect the
needs of the family unit and may not cater to an individual’s medical nutrition needs. Personal
health concerns may be secondary to those of the greater extended families. Baranowski and
colleagues reported that environmental influences may be more important and influential than
psychosocial factors [34].
Participants in this trial had no meaningful change in physical activity. Only six percent of
study participants met the Surgeon General’s recommendation for getting 30 minutes of
exercise on most days of the week or 150 total minutes per week. This study population is more
sedentary by comparison with national and state data on adult activity patterns, reporting that
approximately 20% of South Dakota adults meet the Surgeon General’s recommendation
[35]. Encouraging participants to increase physical activity on a regular basis may require
intensive behavioral support similar to that required to change dietary behavior. Additional
community support may be necessary to enhance physical activity levels. Native Americans
living on reservations report lack of child care, lack of time, and safety concerns as barriers to
engaging in regular physical activity [36].
Although there were not significant changes in dietary intake and physical activity, the high
level of participation in this trial was one of the successes of the study. Ninety percent of those
enrolling completed the trial and greater than 92% of the education participants attended 4 out
of the 6 education lessons. The study was not designed to determine why the participation level
was higher than expected. The high level of participation may have been due to several factors.
The Medicine Wheel Model for Native Nutrition tool was designed by a tribal member with
input from the tribal leaders and members. Additionally, the tribal leaders were consulted prior
to designing the intervention, transportation was provided to the study visits, and the
intervention was delivered by a tribal member. Another potential reason for high participation
may have been due to the timing of the study. Due to input from the tribal leaders, the study
was planned to occur after the summer tribal celebrations and before the Christmas holiday.
Conclusions
This study was not able to substantiate or refute that the traditionally dietary patterns of the
Northern Plains Indians produce better control of type 2 diabetes due to reported lack of dietary
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compliance. Anecdotally, participants have reported better control of glucose patterns
following diets patterned after the hunter gather, this study was not able to produce compliance
with the dietary pattern to support or refute. In addition to increased intensity and longer
duration of the delivery method of the dietary intervention, future research involving dietary
change may need to include an emphasis on environmental issues such as food access, poverty,
public policy, peer and family level influences in designing an intervention method.
One success of the study was high level of participation. Ninety-two percent of the participants
who enrolled attended four of the six monthly sessions. The study was not designed to measure
the determinants for level of participation. However, input from the tribal leaders and members
prior to and during the planning for the study may have provided the positive influence needed
for participation and should be considered for future studies of this population.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The Medicine Wheel, representing the four dietary components of the traditional Northern
Plains Indian hunter/gatherer food pattern.
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